Light emitting device with phosphor composition 



Publication number: CN1 289456 (A) 



Publication date: 
Inventor(s): 
Applicant(s): 
Classification: 
- international: 



2001-03-28 

SRIVASTAVA A S [US]; LEVINSON L M [US]; BEERS W W [US] 
GEN ELECTRIC [US] • 



C09K11/77; H01L33/00; H01S5/022; C09K11/77; H01L33/00; H01S5/00; 

(IPC1-7): H01L33/00; C09K1 1/78; C09K11/80; C09K11/82 
- European: C09K1 1 /77N2D; C09K1 1 /77N6; C09K1 1 /77S2D; C09K1 1 /77S6; 

C09K11/77S12; C09K11/77T2D; C09K11/77T2H4; C09K11/77T8; 

H01L33/00B3B 
Application number: CN19998002520 19991130 
Priority number(s): US19980203212 19981130 



"B CN1246912 (C) 
19 WO0033390 (A1) 

□ JP2002531956 (T) 

□ AU2033900 (A) 
19 EP1051759 (A1) 



Abstract not available for CN 1289456 (A) 
Abstract of corresponding document: WO 0033390 (A1) 
The invention relates to a light source comprising a 
phosphor composition and a light emitting device such as 
an LED or a laser diode. The phosphor composition 
absorbs radiation having a first spectrum and emits 
radiation having a second spectrum and comprises at 
least one of: YB03:Ce<3+>,Tb<3+>; 
BaMgAI10O17:Eu<2+>, Mn<2+>; (Sr,Ca,Ba)(AI,Ga) 
2S4:Eu<2+>; and Y3AI5012-Ce<3+>; and at least one of: 
Y202S:Eu<3+>,Bi<3+>; YV04:Eu<3+>,Bi<3+>; 
SrS:Eu<2+>; SrY2S4:Eu<2+>; CaLa2S4:Ce<3+>; and 
(Ca,Sr)S:Eu<2+>. The phosphor composition and the light 
source together can produce white light with pleasing 
characteristics, such as a color temperature of 3000-6500 
DEG K, a color rendering index of about 83-87, and a 
device luminous efficacy of about 10-20 lumens per watt. 
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[57]** 

mi® LED fH«ft-«<£ 0 

&®^'J>&®-Tl&®&itmZ—. YBO,:Ce J %1b» + ; 
BaMgAl w O l7 : Eu 2+ , Mn I+ } (Sr, Ca, Ba) (Al, Ga),S 4 i 
Eu" , Y,A1 5 0 B -Ce 3+ ;#5.S^MWT«Iffi^^ 
— : Y !i 0 2 S ! Eu 3+ ,Bi 3 *;yV0 4 .Eu 3+ ,Bi 3+ j SrS s Eu l+ ; 
SrYjS.sEu^jCaLajS^Ce 3 *} (Ca.Sr) S s Eu 2t 0 

min&m 3000-6500»K,«fe|f 83-87, 

« nmmm 10-20 mwic®. 




* £ ^ 

1, --*MUfcIltfs LED, ^iL#mit^LED* 

5 LED 

2, 1 £#*££-f : LED 
420 - 470nm, & 1 / 2 *LMfc*t*& 70nm. 

3, 1 

M$r& 530 - 555nm, 1 / 2 fcfc&Jfc^fcjlL^JLf- 35nm. 
10 4, *L#*# 1 ^#4ML-f: tfJ^tffc******.***. 

4HME. 610 - 625nm, % 1 / 2 20nm. 

#^ 530- 555nm, & 1 / 2 Jt*4Lftl*££&**-f 35nm; 

610 - 625nm, & 1 / 2 

15 -f 20nm. 

&CRI ^L-f 70. 

7. 6 #H#, &#*££1": it-#&^^M^pt 

20 8, JtfUML6t*S#. *#*Mt"f: *f*»^****» CRI *: 

1^80. 

9, ***** 5 *#^f-: 
M^M 611nm. 

10, 4M»]**9tfSI#, &#*ML^: 
25 545nm. 

11, ^«*^^-«^^#^J-«^ 

YB0,:Ce 3 \ Tb 3+ ; 
BaMgAlto0 17 :Eu z+ , Mn z+ ; 
30 (Sr, Ca, Ba) (Al, Ga) 2 S 4 : Eu 2+ ; 

Y 3 A1 S 0 1Z -Ce 3t ; 



Y 2 0 2 S:Eu 3 \Bi 3+ ; 
YV0 4 :Eu 3+ ,Bi 3+ ; 
SrS:Eu 2+ ; 
SrY 2 S 4 :Eu 2+ ; 
CaLa 2 S 4 : Ce 3+ 
(Ca, Sr)S:Eu 2 \ 

12, ***** 11 4*4*#.*£*, 

fefe(Sr, Ca, Ba) (Al, Ga) 2 S 4 :EiT; ifr (Ca, Sr)S:Eu 2+ . 

13, *#J*# 11 ^£«a<H&, &4HM$^: 
Y 3 A1 6 0 12 -Ce 3 > SrS:Eu 2 \ 

14, 11 ##ifc4Ma^4fr, 
Y 2 0 2 S:Eu 3+ , Bi 3+ ^ YV0 4 :Eu 3 \ Bi 3+ t ft J-^— 

15, M]£r£U 
YB0 3 :Ce 3 \ Tb 3+ . 

16, jM4£4U1 ti4£4M*&-*, *#4E*-f: #-ifci#-k&& 

it. 

17, 16 *#4E*-f: 
# 450nm^^ 470nm 4LjSJ. 

18, 11 tt#jfc4M&^4fr, 

iUHME.^ 570- 590nm, 

*Mt#$ 600- 650nm. 

540- 550nm, ^^-^^JL# 

610- 615nm. 
20, — #*r, 

YBO,:Ce s \ Tb 3+ ; 

BaMgAl 10 O ir :Eu 2 \Mn 2+ ; 

(Sr, Ca, Ba) (Al, Ga) 2 S 4 :Eu 2+ ; 

Y 3 Al 5 0 l2 -Ce 3+ ; 



Y 2 0 2 S:Eu 3+ , Bi 3+ ; 

YV0 4 :Eu 3+ ,Bi 3+ ; 

SrS:Eu 2+ ; 

SrY 2 S 4 :Eu 2+ ; 

CaLa 2 S 4 :Ce 3+ 

(Ca, Sr)S:Eu 2 \ 

21, *UN*£20#*T, £&%rft&&£&~%Lf. 

22, 4M'J^£ 20 #*J\ *#*££-f: &&1!#&&&£^;fetf . 

23, 20 #*r, i£^;fc^lfL^#fe& 
(Sr, Ca, Ba) (Al , Ga) 2 S 4 : Eu 2+ ; ^ (Ca, Sr) S : Eu 2 \ 

24, 20 ***T, 
Y 3 A1 S 0 12 -Ce 3 > SrS:Eu 2 \ 

25, 20 #*T, &#*e£^: l£^;fc#la^&fe& 
Y 2 0 2 S : Eu 3 \ Bi 3 > YV0 4 : Eu 3 \ Bi 3+ 1 # £ % > —ft> 

26, 25 #*r, &#;{££f-: ***4ML^#fcfc- 
YB0 3 :Ce 3+ , Tb 3 \ 

27, -*t'/ t £6;fc#55r>fc, &4$>T#«: 

YB0 3 :Ce 3+ , Tb 3+ ; 
BaMgAl 10 O ir :Eu 2 \ Mn 2+ ; 
(Sr, Ca, Ba) (Al, Ga) 2 S< : Eu 2+ ; 
Y 3 A1 5 0 12 -Ce 3+ ; 

Y 2 0 2 S:Eu 3+ , Bi 3+ ; 

YV0 4 :Eu 3+ ,Bi 3+ ; 

SrS:Eu 2+ ; 

SrY 2 S 4 :EiT; 

CaLa 2 S 4 :Ce 3+ 

(Ca,Sr)S:Eu 2+ ; #i 



28, -#JLifcH#, LED, LED 
******* ♦**^«&«JL#fc^Jt#*fcA^4A^ 

********* LED«JL, ***fc*tt*****#fcfc*tf# 
**#>h# l/2***fci*±****f-60ii«.. 

29, ***** 28 &}&&m> m&&T : ****£*##& 

510- 560nm,: #***fc*tf ***tt*4p*£ 600- 

630nm. 

30, **|** 28 ****»#, *4hkfc*«**** 
*l/2 ****** *tA4»fU 5nm. 

31, *fl** 30 ****#, *#*£"f: 
Y 2 0 2 S : Eu 3 \ Bi 3 > YV0 4 : Eu 3 *, Bi 3+ f M.? — 

32, --#***#, 

LED, ^ SrS:Eu*\ Ce 3t , K* *******#. 

33, **J** 32 *#|E*-f : LED 6* 

425nm^^ 430nm^f3J. 

34, Y 2 0 2 S:Eu st ,Bi 3 ^^it#.M^„ 

35, YV0 4 :Eu 3 \Bi 34 #*;fc&M^#. 



*t*M- 1998-^2 ft 6 fl4X.t&*J1 + *!t***i-! > / 019647 

5 

fc#JUfc~#tf (LED) 5&&;fc~fc.f . 

10 

*££/*T£&LED. *t, «U ifrjfc LED H 

4fc*fe £ 1996 Nichia$lA7 

15 -##^^it LED, /A^-f # NSPI310AS. 

LED 4ftJfcJt-«.##*iaL*.**tW**A#. 
Jl#*W 580nm, * 1 / 2 Jt&tiL&ti 160nm. . £ LED -LA* 

jfcJL*, 8000°K#&3J* %&&$L%$L (CRI) # 

20 77, *#iLA*4 L «l*#S.##Xifc*4 L 5 A 99 ( lm/w) . 

£*l*|#*fc3£Ak,]*, A.flJ*-f*.A#4**& 
46. **», 4&£#;t.it>&&, 

6S. &£#&E, 90 ;Ltf CRI, 4*3- 

so /ugcri. HJt*£. *r*&*fc-A#*tft^it>ft#Jt« 

25 

ftffi*L^^#jtfrT«^Nichia 6£ LED ft 

#ifc^tf LED; i£^*#4£#,&&#it## LED. 

LED, 3L#£ifctt LED **#A*t»AJL*AjL <M**t*AA 

#fc*Jt#»*«wmtt*is4A*. ********* 



LED j&Jt. 

— YB0 3 :Ce 3+ ,Tb 3+ ; BaMgAl 10 0n:Eu 2+ , Mn 2+ ; (Sr, Ca, Ba) 
(Al , Ga) 2 S 4 : Eu 2 * ; Y 3 A1 5 0 12 -Ce 3 * .■frAM->y$L&MT#J%L&%i3L-: 
Y 2 0 2 S : Eu 3+ , Bi 3+ ; YV0 4 : Eu 3+ , Bi 3+ ; SrS : Eu 2+ ; SrY 2 S 4 : Eu 2+ ; (Ca, Sr) S : Eu 2 * ; 
CaLa 2 S 4 :Ce 3+ (ilJ:, f ^ ft tL% . 

^^i£^^-#^Y 2 0 2 S:E^Bi 3+ ^^f^^^&^-#. 

&£W&&jSL-ty&te YV0 4 :Eu 3 \Bi 3+ #3>r^;fc^M^. 

&£W&&&~W&te%&frm.&%i%>£&%ftw*> LED 

~%Lf&}*T. LET) &&&~%Lf£M&£%--&T£tfi% t M, 
%&frm&%£M 
3. ^ & £L^#^~ YBO3 : Ce 3+ , Tb 3+ ; 

BaMgAl.oOn, :Eu 2 \ Mn 2+ ; (Sr, Ca, Ba) (Al, Ga) 2 S 4 :Eu 2+ ; Y 3 A1 5 0 12 -Ce 3t ; # 

Y 2 0 2 S : Eu 3+ , Bi 3+ ; YV0 4 : Eu 3+ , Bi 3+ ; SrS ; Eu 2+ ; SrY 2 S 4 : Eu 2+ ; (Ca, Sr ) S : Eu 2+ ; 
CaLa 2 S 4 :Ce 3+ . 

**.«H£**.-#*.jfc*#, t&&&M&&&} LED 
SrS:Eu 2+ , Ce 3 \ K* SrS:Eu 2+ , Ce 3+ , K + #;fc#£ & 

— YB0 3 : Ce 3 *, Tb 3+ ; BaMgAl I0 O i7 : Eu 2 \ Mn 2+ ; (Sr, Ca, Ba) 
(Al, Ga) 2 S 4 : Eu 2 * ; Y3Al s O l2 ~Ce 3t ;#J.£^fe&#T#M^*B/^---: 
Y 2 0 2 S : Eu 3+ , Bi 3 * ; YV0 4 : Eu 3 \ Bi 3 * ; SrS : Eu 2+ ; SrY 2 S 4 : Eu 2t ; (Ca, Sr) S : Eu 2+ ; 
CaLa 2 S 4 :Ce 3+ ; #] ft tf*tt*jfc#J^Mfr#£^-*fr*#*A* 

*|*», 3000- 4100X 70, -&*-f- 

80, 83- 87, *#£*Mt#fr**;MMM>'fc#+ 10-20 



n l*;ML*i*iMMfc4M* LED W; 
® 2 A4M* LED 

^ 4£SrS:Eu 2 \ Ce 3+ , r#A*tt&#A*. 

#&J.^>&5, 25. 

XT jt&tHLIb CIE( Commission Interation de 
l'Eclairage) & JLS£^*b4£#. #!)*»#^ "4fci£^##*&*!f 
"|7 4, $ 230 - 230 £ ( Robert A. Meyers ed. , 1987 ) . 

fSfcanufcH-, *t#jt 

It), T#*;tCRI. £ — tf-fte-F 5000°K^&a, #f/ij 

JR^. *H-*L-F 5000°K#&&, -«t*JS 

cei, ^*»^F-f**afc loo. «^£JMt ft 
*j*»S&3fcfc*r, 50- 80^ cri. $t&*r-~&&% 

60 # CRI. 

&n- ****** ($k&tf)&m.-i&v*WA.#}m 

*#**(LED**4&*##*fria»A*l LED 



T>*&^A#^K, 8 60 6 it. LED ***A*A^4frT# 

£ 3000°K- 6500°K4L 3000, 3500, 4100, 5000, 

65oo°k. **ft*****#*T*;*&;|i!*ft* cri, -a 

^■f 70, 80, ^^ 83- 87, *J-T«^i 

«:Mr£#*^**+*£*tt*Afc*+tt*#£AA+* 

10-20. 

^^ta 1, #**#****#.«* LED AAAAfr 10, £ 
LED 12 *>&ttti£4'tt&tt 16, « LED 12 *£-* 
14 A A ( ******* LED JL ) . A£* A * V 2, 
********** LED A£**# 10, ^*^fiL#a*^ LED 12 
16, A LED 12 ****** AAA A 15 AA( * 

**MHt), *A^A*Ai6*AAAi6Ji. *J*>, 

16 AT*AA#AA, *-f*#*A***M*A. &A 16 15 

«&*# LED 12 «*£**-£ 420- 470nm, 430- 
460nm, i£J&-£--:&tf A 440 - 450, AA<* A 450 - 470nm, #^1/ 
2**.A*tW4r*A— A**-T70 M , A— A^r^Jtf- 50nm, 
^-AW**^ 30nm. LED A>MlAAe.*»tt, 

i^^^J^T^ R^l Nichia4MI«;*& No.NSCBlOO LED 12 #g 

#£*A+ (LED £ft*AA***a*Afe*#) AAtfA** 4 
%, AAAt»^6X, a*A*»AA#5* 8%. £M&&#j LED A£ 
«A*-AA4Hhi«». 

*A*-A*^--^*A^ f Afl»^A*AA*****( J9 LED 12 

**a*a#*a) «a-#^ajia Nichia ^a^aa******* 

iti*>hj£*&£tf****#~^£#*it*, 5-+AAA 
A. S*A**r*5A##it^ USD£ftt*AA*<MfAt*£-6flft* 
AW* A, A*SfiAAtf****A**#*AAlBtf***;fe 
**A»#&AAA^#»A#W«fc*«*t. *t^&^i|L***£:* 
***&#&#, laAfctoTafcAAA*** ledAA. £#iH&* 



510- 560nm, 530 - 555nm, 

540- 550nm, #Ji»^^ 545nm, & 1/2 
*Jt**.-f 60, 50, 35. 20, 10, A 5nm. 

600-630nm, 610 - 625nm, i£ 

610-615nm, 611nm, *l/2|ttM 

#4Mt&**Lf- 100, ^60, 50, 20, 10, ic5nm. -Ml* 

*A 14 ^» 15 &teiL£&M%i&M%&frfr&M&&M*%&fr. 
it##*#.*»^Jt-**it* 2 - 5 «. 

— YB0 3 : Ce 3 \ Tb 3+ ; BaMgAl lo 0 17 : Eu 2 \ Mn 2+ ; (Sr, Ca, Ba) (Al , Ga) 2 S 4 : Eu 2t ; 

Y 2 0 2 S : Eu 3+ , Bi 3+ ; YV0 4 : Eu 3 *, Bi 3+ ; SrS : Eu 2+ ; SrY 2 S 4 : Eu z+ ; CaLa 2 S 4 : Ce 3+ ; 
( Ca, Sr)S:Eu 2 \ 

£Jfc.ifc#*#-t. W-9-J&Jt«it*ft4Lit*«. tt*(A, B, C) 
(Ax,Bx,Cx) ,&t = 0<x<l, 0<y<l, 0<z<l, #JLx+y+z 
-1. *J*», (Sr,Ca,Ba)A4t(Sr„Ca„feO, 0<x<l, 0<y<l, 

0<z<l, #JLx+y+z-l. i&&(A, B) ( Ax, Bx ) , $■ f: 0<x 
<1, 0<y<l, #J.x+y-l. -Sfe£#., xfry^&O. 

>^^:it^^it,^#:Jlit^LitBt*^T^##: YB0 3 :Ce 3 \ Tb 3+ # 
3L # # & ^ 545nm, 1/2 2nm ; 

BaMgAl 10 0 17 :Eu 2 %Mn 2+ #JL#*ML# 515nm, 1 / 2 
% 50 nm; (Sr, Ca, Ba) (Al, Ga) 2 S 4 :Eu a+ # JL#*££^ 540nm, 1 / 2 |L*l 
&.&#i£:lL&.#I% 50 nm. 

Y 2 0 2 S:Eu 3 \Bi 3+ 

620nm, 1 / 2 &;Ui.*t# 2nm; YV0 4 :Eu 3 \ Bl 3t 

620nm, 1/2 $L&$LMttlLM% 2 nm; SrS:Eu 2+ # 
n 610nm, 1 / 2 H*L<f£*t # M % 70 nm; ( Ca, Sr) S : Eu 2+ 
#JSUHN£^ 610nm, 1 / 2 &*:|S.*t<$ 50 nm; SrY 2 S 4 :Eu z * 
m$LM^&#J 645nm,l/2 A#J % 100 nm; 

CaLa 2 S 4 :Ce 3+ #JL#*££^ 600nm, 1 / 2 4:% M % 100 

nm. 



45/20 ( &%%L¥j-g;%tt) , 3000°K 42/22 

(4c4«:W**Hs) , 3500°K 34/ 25 ( *tJ§ 

#£>J#fr 4100°K 27/ 25 ( £lJ* *§l#f: 

#4* 5000°K#6&; 20/25 ( *cJ?*ti***> , 

#^^ 6500°K^^ifc. ^Eu 3t (£:)#> Tb 3t (^) %iTiSt&4MS£ti 

Y 2 0 2 S : Eu 3 \ Bi 3 > YVO< : Eu 3 \ Bi 3 *JL%% £ ^ «* % A it 
#, l/2&*Lte*ttf4r£;£*-f-# 5nm, 2n«. 

*#■ YB0 3 :Ce 3+ ,Tb 3+ ^#gf 1 / 2 4t*L0Lftl* 

5nm, — %L#j 2nm. Y 2 0 2 S:Eu 3 *, Bi 3 > / & YV0 4 :Eu 3 \ Bi 3+ 
-5 YB0 3 :Ce 3+ , Tb 3+ #&^, 

fejfc^jfcfls ^•Ap Y 2 0 2 S:Eu 3 \ Bi 3+ #* YV0 4 :Eu 3 \ Bi 3 *, JL-f 

&T##**»^&«3p&te, 

*|*» YB0 3 :Ce 3+ ,Tb 3 ^#^^it^^f 
tt******** ( 555nm) #&lfctf#gUU*, &#t&4*#4.ft 

i&ii&^ffcfit*^ Y 2 0 3 , EuA, Bi 2 0 3 , V 2 0 b #JMe.jM^ 
2 ^^T«*J^-Aitit#ifc#. Y 2 0 2 S:Eu s+ ,Bi 3+ . 

ititM^fcf if^ft Y 2 0 3 , Eu 2 0 3 , BiA#J.>M*-*l*|J9fjM& 2 
'J>f*h ^^T«#J-S-*^it^ie,^YV04:Eu 3+ ,Bi 3t . #»^4fr£ 
H 2 S *IILT#&# 100°C T;fc& 3 >M*l?tiL;fc, ^A^r, 19 T?*** 



SrSiEiT.Ce'MT , 4 % * #} , *T « & $ 

SrStEi^CeMT^fl^ ( 425- 430nm #&i£ LED 

«) /^^ifc, £ti«#^*.^& SrS:Eu 2+ ^, 
SrS:Ce 3+ &>&. 

- 590nm, &;MMi#*# 600-650nm. # 
fl**##3#4*ttfc.-48-#tflr,e (Y 3 A1 S 0 12 -Ce 3+ ) .'fcTtfUMMsSfc 
580nm, * 1/2 &;MiL*t#£&,M;fc 
160nm. #J-&#Ji^^ii:it^^t^^^- 
# : Y 2 0 a S : Eu 3+ , Bi 3 * ; YV0 4 : Eu 3 *, Bi 3+ ; SrS : EiT ; SrY 2 S 4 : Eu 2+ ; CaLa 2 S< : Ce 3+ ; 

(Ca, Sr)S:Eu 2+ . 

LED ft***.****, **J^4*S«&^A, 45 
/20(iLi?;***:**«i), #f>J# 3000°K *t1^ 42/22(£t 

4M»J# 3500°K*&6jfc; J^-f^fr 34/25 (fcJ|£ti 

4ioo°K# 27/25(in^j|-^t:i:^), 
#I'J^ 5000°K ^^ifc; 20/25 , 

6500°K#&;fc. 

^ 7 ft LED &***|jfc*,&, T##fcjMM.* ( «T^A*/ 
£^;fc^&;fc^;fc^(SrS:Eu 2 *, Ce 3+ , K* ) -f &A-#i£.i£ 

fj, &&&t7f$,&ii*n LED-t#f-**.. #T*Mfc>&15(&©2), 

( -#ti<.£#) ^it^ttaMMt^4& 
MAil. 4.ftff|i.Z.Jt, LED-t#^t4l-f^ 
AIMfc. *4M^#*ft4Ht*T#AUV(f*h) life 
#«;ag|4fc#, M.«i5#LED^^^if;A^^^. **4*JMHKr 



£&i&it&$L&j LED-MMJ&<HHfc 16. i£4fc 16 *^-ia*a4fciL# 
*Mt*jfcA*#*it, a*ife4i****64 l *A. 

£umJiiMt«*A/*A*A#-# 

^A#A*A**(**JMt-*W-MfcA/ 
#A*fcAtf*A4Mfr*> , £*, *A/*A4HfcA«M|A4MftA 

**»ji*au-. LED /^jtA. JfcAt£*-#**#*AfcA 
#»*A/#A. j£A> fa A, i*A/ jM&ttfe^/^-^At.tttt 
»«***4fc*.*Sl#.itte^^*, #J>: fcSLfc 3000°K - 6500°K 4l 
l«J, CRI 70, -**.-f 80, 83 87 H#-JlA 

3M*#-fcR.4HfrAfc3frJ|t 10-20 Sfcffl. 

^WttftfcfliMIAiM* LED#£#&# 11 £4, 
5000% JtALED*+#4%. H*LED^*t+H.*T, DfaU* 

*r#6A. miifaA*»iilA/#AJ#A^, il#&ii6A^A& 

( SrS:Eu 2+ , Ce 3 \ K* ) TflAmm / #A&^; i&it LED 
JtAA*. 

3 30 A*-*****, *fc*A.#Jt*«*Ut 

~*Lf 32, ft«*36. iMMi*A34. A#Jt**»ft*Ji*lt 32 #JL 

420 - 470nm, 430 - 460nm, 1 / 2 

**£-*fc*-f 10m, A*-****? 5nm. £MA#&A~&f£ 
«*»*jejtB**| 583879 ^ % 5604763 * 
f 5644584 Shuji Nakamura Gerhard Fasol # "IMi 

"( 1997). ««^S6T«^Si»I4HHA, ft*****, 

^^it'&tfAtt 34 &&:kiaJi/*ri£#faA#A& 

/ a -F*A~*tf <* jt a. 

£AH# 30 i£^T« 38, 38 *A**»fr 



& ( >T>5i^ Baikowski CR30 ) & Ti0 2 ^^. 38 



jft m g m m 





400 500 600 
(nm) 

® 4 
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